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PART 1: P.I. Careen Tang
INTRODUCTION

Statement of rational: Interest in the ErbB family of receptors arose not only because members of
the family are widely expressed in mesenchymal, neuronal and epithelial cells, but also because they
are implicated in the development of human adenocarcinomas (1-3). Our previous work
demonstrated that heregulin (HRG), a ligand of ErbB-3 and ErbB-4, is involved in human breast
cancer progression. In our proposal we plan to utilize hammerhead ribozymes which target HRG and
its receptors (ErbB-3, ErbB-4) to interrupt their signaling. We will then study their roles in cell
proliferation, hormone sensitivity and tumorigenicity. These results will provide us with important
information relating to the biological significance of their expression in human breast cancer. These
data will support the potential of using ribozymes as therapeutic agents for human breast cancer.

Background: The EGF receptor (EGFR) family is one group of tyrosine kinases that is frequently
overexpressed in a variety of carcinomas (1-3). This class I subfamily of receptors is comprised of
four members: HER1/EGFR (4), HER2/ErbB-2/neu (5-10), *HER3/ErbB-3 (11, 12), and
HER4/ErbB-4 (13). A number of growth factors, classified as EGF-like ligands, have been
identified that can bind and stimulate the kinase activity of EGF-family receptors. EGF (14),
transforming growth factor a (TGFa)(15), amphiregulin (AR)(16), heparin-binding EGF(HB-
EGF)(17, 18), and betacellulin (BTC) (19) have been described as specific for EGFR. Several
differentially spliced variants named heregulin (HRG), or neu differentiation factor (NDF) (20-23),
acetylcholine-receptor inducing activity (ARIA) (24), glial growth factor (GGF) (25) and gp30 (26)
were initially identified as candidate neu ligands by their ability to induce neu tyrosine
phosphorylation (27, 28). However, recent results demonstrate that ErbB-3 and ErbB-4 are the
primary receptors for heregulin (29, 30). Activation of ErbB-2 by HRG is thought to occur through
transphosphorylation resulting from heterodimerization with either ErbB-3 or ErbB-4 (31, 32).
Recently, betacellulin was also shown to activate the ErbB-4 receptor in a Ba/F3 system (35). Most
human breast cancer cells express more than one of the EGF family receptors and different
combinations of receptors can heterodimerize or homodimerize. This could activate different
signaling pathways and contribute to the pathogenicity and tumorigenicity of breast cancer (28, 29,
32).

Amplification and/or overexpression of EGFR and ErbB-2 are clearly important factors in
neoplastic transformation of breast epithelium (33, 34). However, ErbB-3 shows a wide range of
expression in breast cancer. Overexpression of ErbB-3 is associated with the presence of lymph
node metastases, but there is no correlation with patient survival at the present time (18). Elevated
ErbB-4 levels have been found in certain breast cancer cell lines (31), but little is known about the
expression or the clinical significance of ErbB-4 receptors in the diagnosis and prognosis of human
breast cancer. It is therefore imperative that the role of ErbB-4 and its biological significance in
breast cancer be defined. To achieve this goal, we employed ribozyme technology to disrupt ErbB-
4 expression in human breast cancer cells.

In this report, we will discuss our research progress during the last 12 months (7/1/96-
6/30/97) in investigating the biological effects of interruption of ErbB-4 pathogenic pathways by
ribozymes in human breast cancer.



PART 2
BODY

Investigate the biological effect of interruption of ErbB-4 receptor pathogenic pathways in
breast cancer cells.

Rationale: In our MCF-7/HRG transfection model and the data from others (36), we demonstrated
that HRG expression is correlated with a more aggressive and tumorigenic phenotype. It is
conceivable that the generation of ribozymes targeting the cognate receptor ErbB-4 will enable us
to study the biological significance of ErbB-4 expression in breast cancer cells.

Assumptions: Introducing ribozymes which target ErbB-4 in breast cancer cells will down-regulate
the endogenous ErbB-4 expression and diminish its intracellular signaling. Because of
heterodimerization between the receptors of the EGF receptor family, these ribozymes will also
indirectly diminish the EGFR and ErbB-2 receptor signaling pathways. Taken together, down-
regulation of endogenous ErbB-4 expression may reduce the tumorigenicity in breast cancer.

Results: To assist in characterizing the role of ErbB-4 in breast cancer, we have generated three
specific hammerhead ribozymes (Rz6, Rz2 1, and Rz29) targeted to the ErbB-4 mRNA. In previous
results, we have demonstrated that these ribozymes efficiently catalyzed the specific cleavage of
ErbB-4 message in a cell-free system. In the following sections (corresponding to Aim 2 in the
grant), we will discuss our research findings concerning the role of ErbB-4 in breast cancer. We
have carried out the first set of experiments to assess the intracellular catalytic activity of ErbB-4
ribozymes.

Rationale: Although the ribozyme sensitivity in an extracellular system can be correlated with
the predicted secondary structure of the target RNA, the intracellular susceptibility of the target
RNAs to ribozymes cannot necessarily be correlated with their predicted secondary structure.
There are major challenges involved in studying the efficacy of a ribozyme's ability to down-
regulate endogenous gene expression. 1) Subcellular compartmentalization prevents the target
RNA from meeting with a ribozyme as it travels to the cytosol (37). 2) RNA-binding proteins
make the co-localization of two separate RNA strands problematic. 3) The target site may not be
accessible to the cognate ribozyme due to the splicing and refolding of the endogenous gene
transcript. Most breast cancer cell lines co-express EGF family receptors. The complexity of
heterodimerization and transphosphorylation between the family receptors makes it difficult to study
the specificity of these ErbB-4 ribozymes in breast cancer cells. Furthermore, the goal of these
ribozymes is to interrupt gene expression. If ErbB-4 is one of the critical factors involved in cell
proliferation, down-regulation of this gene may be lethal to the cells. Thus, an ideal system for
screening the intracellular enzymatic activity of these ribozymes requires the following criteria. 1)
Expression of high levels of ErbB-4 receptor. 2) No expression of other EGF family receptors.
3) Introducion of the ErbB-4 ribozyme into these cells would not be lethal. 4) A simple bio-
assay can detect the ribozyme activity. The 32D cell system meets these requirements, and
therefore was used as a model system to examine the intracellular efficacy and specificity of these
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ribozymes. The following section (1) will describe this model system in detail.

(1.) An intracellular model system for studying the specificity and efficacy of these ErbB-4
ribozymes:

32D cells are a murine hematopoietic IL-3-dependent cell line that do not express detectable
levels of endogenous EGF-family receptors. Studies have shown that IL-3-dependence can be
abrogated by introduction of foreign growth factor receptor genes followed by stimulation with the
appropriate growth factor (38). This approach exploits a unique property of this model system. If
HRG can induce ErbB-4 transfected cells to bypass the IL3-dependent pathway, we can then use a
simple growth assay to determine the biological function of these ribozymes intracellularly (see
Figure 1).

A. ErbB-4 B. 32D
or or

ErbB-4/Rz ErbB-4/Rz
(Non-functional) (functional)

-2IL3 +IL3 \+HRG -IL/3 +IL3~ +HRG
{• IL3 , L3

Die Proliferate Proliferate Die proliferate Die

Figure 1. Schematic representations of the systems for examining ErbB-4 ribozyme efficacy
and function in 32D cells.

A.) ErbB-4 expressing 32D cells (ErbB-4) will be able to bypass the IL-3-dependent pathway with
cognate ligand HRG treatments. Thus, the non-functional ErbB-4 ribozyme should not change the
phenotype.
B.) Illustrates that the 32D cells are absolutely IL-3-dependent and that the functional ribozyme will
down-regulate ErbB-4 expression and reverse the IL-3-independent phenotype.

The beauty of this system is that it can be turned on and off. Furthermore, HRG also can
rescue cells from IL-3 deprivation. Thus, this system will allow us to study both the ribozyme
efficacy and receptor function. It will also provide us a more effective and easy way to screen
ribozymes.

IA. Biological function of EGF family receptors in 32D cells: We have obtained the 32D
cell system from J. Pierce at NIH. 32D transfected cells were established that ectopically express
the EGF family receptors singly and in pairwise combinations (39). These cells were designated as
32D/E2, 32D/E3, 32D/E2+E3 and 32D/E4. (E2, E3 and E4 refer to ErbB-2, ErbB-3 and ErbB-4
receptors). The parental 32D cells do not express detectable levels of known EGF family receptors.
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The 32D transfectants express high levels of corresponding receptors. The expression of the
receptors in the 32D transfectants was confirmed by western blotting or immunoprecipitation
followed by western blotting, and FACS analysis (data not shown). In the absence of cognate
ligands, all of the 32D transfectants remained dependent on IL-3 for survival. We tested whether
HRG was able to induce the IL-3-independent survival or proliferation of these 32D derivatives. We
performed a growth assay, and as we expected, the untransfected parental cells were not stimulated
by HRG. Cells transfected with ErbB-4 responded to HRG stimulation, bypassing the IL-3-
dependent pathway (Figure 2A). We also observed that HRG can abrogate the IL-3-dependent
pathway in 32D transfectants co-expressing ErbB-2 and ErbB-3 (figure 2A).

Regulation of tyrosine phosphorylation of each receptor by HRG was evaluated by
immunoprecipitating the corresponding receptors and immunoblotting with anti-phosphotyrosine.
Figure 2B demonstrates that no autophosphorylation was observed in the parental cells (32D) in the
presence of HRG. In ErbB-4 expressing cells, the receptors were constitutively phosphorylated;
however, phosphorylation could further be induced by exposure to its cognate ligand. In 32D/E2+E3
cells, we observed a high basal level of phosphorylated ErbB-3, and were able to further induce
phosphorylation by HRG. Thus, this is an ideal system to study the specificity and efficacy of the
ribozymes targeting the ErbB- family receptors. This system can be turned on and off by IL-3
or the appropriate ligands. Therefore, a simple growth assay will able to define the intracellular
enzymatic activity of ribozymes.

Figure 2B. Regulation of receptor tyrosine
phosphorylation by HRG in 32D/E4 and
32D/E2+E3 cells.
500ug of lysates from untreated '-' or HRG
(100ng/ml for 5 minutes) treated '+' 32D .,s v ,l S' t& ,,
transfectants (32D/wt, 32D/E2, 32D/E3, 32D/E4, , - - ..

32D/E2+E3) were immunoprecipitated with anti-
receptor antibodies (aE2, aE3, aE4). The
32D/EGFR cells (El) were treated with lOOng/ml of
EGF for 5 minutes and immunoprecipitated with anti-
EGFR antibody (aEl). The precipitates were then
subjected to western blotting with an anti-
phosphotyrosine antibody (UBI). Comparative IPAb. -
amounts of receptor proteins were used in the

phosphorylation assay and confirmed by western blot
with corresponding antibody.

Conclusion: The 32D cell system is an ideal system to study the specificity and efficacy of the
ribozymes targeting the ErbB- family receptors. Section 2 will demonstrate the ErbB-4 ribozyme
catalytic activity in the 32D cell system.
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(2.) Demonstration of ErbB-4 ribozyme catalytic activity in 32D cells:'
2A. ErbB-4 ribozymes abolish HRG induced IL-3-independence: We constructed all

three of these ErbB-4 ribozymes in a mammalian expression vector under a CMV promoter control.
We then transfected the ErbB-4 Rz into 32D/E4 cells. We hypothesized that the functional
ribozymes would down-regulate ErbB-4 expression and thereby reduce or abolish the HRG
induced, IL-3-independent survival or proliferation (see Figure 3). We performed a growth assay
in the presence and absence of HRG using these ErbB-4 Rz transfected cells. We observed that one
of the ErbB-4 ribozymes (Rz29) is capable of reversing the HRG induced IL3-independent
phenotype compared with the control cells (32D/E4) and the vector transfected cells. Rz6 can
partially inhibit the HRG effect. Rz21 has no effect. This result is unlikely due to low expression
of Rz21, since all these ribozymes used the same expression vector. It is possible that the target
site is not accessable to Rz2l. Table 1 summarizes the ribozyme effects in these ErbB-4 cells. We
then evaluated the specificityof these ErbB-4 ribozymes to rule out cross-reactivity of the ErbB-4
ribozyme with other family members. We transfected all three ErbB-4 ribozymes into 32D/E2+E3
derivative cells. We did not observe any effect on the HRG induced IL3 -independent phenotype.

These data suggest that Rz6 and Rz29 are functional ribozymes, and that the effects of these
ErbB-4 ribozymes are highly specific for the ErbB-4 receptor. Rz29 exhibits a higher level of
biological activity compared to Rz6. Rz21 is apparently a non-functional ribozyme in 32D cells.

2B. ErbB-4 ribozyme abolishes HRG stimulation of mitogenesis: We also assessed the
mitogenic response of these ErbB-4 Rz transfected cells to confirm the above result. We performed
a mitogenic assay to observe DNA synthesis in these ErbB-4 Rz transfected cells. As shown in figure
3, in the absence of IL-3, all the 32D derivative cells exhibit very low levels of thymidine
incorporation. However, in'the presence of IL-3, all the 32D derivative cells exhibit high levels
of [I-H] thymidine incorporation as expected. In the control cells (32D/E4), HRG was able to
stimulate high levels of 3[f-] thymidine incorporation in the absence of IL-3, whereas the 3[H-]
thymidine incorporation was almost completely abolished in the Rz29 transfected cells. The 3[H]

thymidine incorporation was significantly reduced in the Rz6 transfected cells. No significant
changes in the Rz21 transfected cells was seen (data not shown). These results correlate with the
growth assay.

2C. ErbB-4-Rz mediated down-regulation of ErbB-4 expression levels in 32D/ErbB-4
cells: To evaluate the intracellular enzymatic cleavage effects of ErbB-4 ribozymes on ErbB-4
expression, the ribozyme transfectants were examined on their target mRNA level. A northern blot
analysis was performed. We observed that Rz6 and Rz29 were able to down-regulate the ErbB-4
mRNA level significantly in these ribozyme transfected cells. Rz21 did not have any significant
effect (data not shown). Thus, the abolishment of the HRG-induced IL-3 independent biological
effect correlates with reduction of ErbB-4 mRNA levels in these cells.

To further characterize the ribozyme effect, we quantitatively examined the ErbB-4 ribozyme
mediated down-regulation of ErbB-4 receptor expression in these ErbB-4Rz transfected cells by
FACS analysis. The results, depicted in figure 4, show that the ErbB-4 transfected cells express high
levels of ErbB-4 receptor. Rz29 down-regulates ErbB-4 expression by 65%, Rz6 down-regulates
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ErbB-4 expression by 45% and no significant effect was detected in Rz21 transfected cells.
These data suggest that the constructed ErbB-4 Rz29 and Rz6 are biologically functional
ribozymes.

2D. Reduction of autophosphorylation by ErbB-4 ribozymes: To determine whether the
abolishment of the HRG-induced IL-3 independent biological effect correlates with a decrease in
receptor tyrosine phosphorylation, the autophosphorylation of the receptors in these cells was
examined using a kinase assay. Figure 5 demonstrates that Rz29 dramatically reduced the level of
ErbB-4 intrinsic tyrosine kinase activity. Because ErbB-4 expression was down-regulated only 65%
by Rz29, the cells still express ErbB-4 receptors. HRG is therefore still able to induce the
phosphorylation of the remaining ErbB-4 receptor. However, the level of phosphorylation was
significantly lower than the 32D/E4 cells or the vector transfected cells (32D/E4/V). Reduction of
phosphorylation correlates with the expression level of ErbB-4. Furthermore, these data also
imply that while Rz29 is specifically cleaving its target mRNA, it does not affect the function of
those receptors that are expressed. Results generated in the intracellular expriments described
above prove that the decrease in ErbB-4 protein production, activation and mRNA expression
correlate with the ErbB-4 ribozyme catalytic activity.

Figure 5: Reduction of autophosphorylation of ErbB-4
receptor by Rz29 ribozyme. Cells were treated with or
without HRG (100ng/ml) for 5 minutes prior to lysis. 32tD E4 RZ29 V

400ug of lysates were immunoprecipitated with a specific HR0'5s--

anti-ErbB-4 antibody. No detectable level of tyrosine ow- *
phosphorylation was observed in 32D parental cells (32D)
which do not express any ErbB-family receptors. The level 116-

of ErbB-4 intrinsic tyrosine kinase activity in Rz29 ¶06-

transfected 32D/E4 cells (Rz29) was markedly reduced
compared to control transfectants, ErbB-4 transfected 32D
cells (32D/E4), and vector transfected 32D/E4 cells
(32D/E4/Vector).

Conclusion: Our preliminary data show that these ErbB-4 ribozymes effectively catalyze
precise cleavage of their target RNA sequence in an extracellular system. The constructed
ErbB-4 Rz29 and Rz6 are biologically functional ribozymes and are highly specific for the
targeted ErbB-4 mRNA in 32D cells. In the following section (3), we will demonstrate the effect
of down-regulation of the ErbB-4 receptor by the ErbB-4 ribozyme in human breast cancer cells.

(3.) The effect of down-regulation of ErbB-4 receptor in human breast cancer cells:
To investigate the biological and biochemical functions of ErbB-4 in human breast cancer,

we expressed the ErbB-4 ribozymes in several ErbB-4- positive human breast cancer cell lines. One
of the cell lines is T47D, derived from a breast carcinoma. The T47D cells express moderate levels
of all the currently known ErbB- receptors. We transfected the ErbB-4 ribozymes (Rz6, Rz21, Rz29)
into T47D cells and selected the transfectants using G418. We observed a reduction of G418-
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resistant colony formation when the Rz6 and Rz29 constructs were transfected, suggesting that
down-regulation of ErbB-4 receptor in T47D cells may be lethal. We partially characterized the
pooled population of the Rz6- and Rz29- transfected cells. We detected 45-50% down-regulation
of ErbB-4 receptor in these cells using FACS analysis (Figure 6), whereas no effect on the level of
EGFR, ErbB-2, or ErbB-3 receptors in these cells was observed. In addition, we observed that
anchorage-independent colony formation was significantly reduced (45%) in the ribozyme
transfected cells (Figure 7).

Conclusion: These preliminary data suggest that Rz6 and Rz29 are able to down-regulate the
endogenous ErbB-4 receptor and thereby inhibit colony formation in T47D cells. The ErbB-4
receptor may therefore play a role in T47D cell proliferation.
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CONCLUSION

Using the 32D cell system to study the intracellular enzymatic activity of ErbB-4
ribozymes, we clearly demonstrate that the ribozymes are specific and can effectively down-
regulate the ErbB-4 receptor. In this system, one ErbB-4 ribozyme (Rz29) significantly reduced
the ErbB-4 mRNA level and down-regulated ErbB-4 receptor expression (figure 4), thereby
reversing the HRG-induced IL3-independent phenotype of 32D/E4 cells (table 1). Rz6 partially
down-regulated the expression of the ErbB-4 receptor, and somewhat blocked the IL3-independent
phenotype. In contrast, Rz21 failed to down-regulate the ErbB-4 expression or to inhibit the
mitogenic response to HRG treatment in 32D/ErbB-4 cells. It is clear from these data that not all
of the sites tested are equally amenable to intracellular ribozyme-mediated cleavage.

Using the ErbB-4 ribozymes in the 32D cell system, we provide the first evidence that
different threshold levels of ErbB-4 expression and activation correlate with different responses
to HRG stimulation. High levels of ErbB-4 expression, phosphorylation and homodimerization
are necessary for HRG stimulated IL3-independent cell proliferation in the 32D/E4 cells. Low
levels of ErbB-4 expression allow HRG-induced phosphorylation, but are insufficient to couple
the receptor activation to cellular signaling, particularly in the case of Rz29-transfected 32D/E4
cells. These results also suggest that homodimers of ErbB-4 can transmit biological signals. This
is consistent with a previous report that ErbB-4 homodimers constitute a functional HRG receptor
(24).

To evaluate the effects of down-regulation of ErbB-4 in an ErbB-4-positive human breast
cancer line, Rz29 was transfected into T47D cells. Down-regulation of ErbB-4 receptor in T47D
cells resulted in a reduction in transfection efficiency and colony formation in an anchorage-
independent assay compared to vector- or Rz2l-transfected cells. The low efficiency of Rz6 and
Rz29-expressing drug-selected clones is unlikely due to non-specific effects, since all the
ribozymes were cloned into the same vector. Furthermore, Rz6 and Rz29 down-regulated ErbB-4
but not other ErbB-receptor family members. Reduction of colony formation suggests that ErbB-4
expression and mitogenic signaling may be essential for T47D cell survival. These preliminary
findings suggest that down-regulation of ErbB-4 expression, as shown by FACS, diminished the
ErbB-4 mediated intracellular signaling. Because of heterodimerization between the family
receptors, down-regulation of ErbB-4 receptor may have also indirectly interrupted receptor
signaling pathways initiated by other family members. This could result in diminished
tumorigenicity in T47D cells. These results also show that our ribozyme is active in a human
carcinoma cell line.
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Future Directions:

We will continue to study the role of ErbB-4 in human breast cancer in vitro by testing the
ErbB-4 ribozyme in different breast cancer cell lines and will expand these studies using an
inducible promoter system. We will also elucidate the effects of these ribozymes on
tumorigenicity in vivo.

We will extend the ErbB-4 studies to ErbB-3 to explore the pathogenic role of ErbB-3 in
human breast cancer cells, using an approach similar to that in these ErbB-4 studies. We will
generate the ErbB-3 ribozymes and study the effects of down-modulation of endogenous ErbB-3
levels in breast cancer cells in vitro and in vivo.
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Materials and Methods:

Cell lines and cell culture: The 32D murine hematopoietic cell line (40) and its derivatives
were grown in RPMI (Cellgro) supplemented with 12% fetal calf serum (Biofluids) and
interleukin-3 (IL-3) supplied as 6% conditioned medium from the WEHI-3B murine
mylomonocytic leukemia cell line.

Transfection by electroporation: 1 x 10' 32D derivative cells were used for each transfection.
lOug of plasmid DNA was added to cells suspended in 300ul of PBS. Cells were electroporated at
250 volts, using a BioRad electroporation system, plated onto 100amM dishes, and incubated for 24
hr. The cells were then selected in growth medium containing 750 ug/ml geneticin (G418-sulfate,
Gibco).

Northern blot analysis: Total RNA isolation using RNazol B(Tel-Test, Inc. Texas ). 20ug
of total RNA from each cell line was used to hybridize with an ErbB-4 cDNA probe and
autoradiographed for 48 hr.

Autophosphorylation ofErbB-family receptors: A total of 2 x 10' 32D derivative cells were
washed in phosphate-buffered saline (PBS) and resuspended in 50 ml of RPMI supplemented with
IL-3, and incubated for 4 hr. at 37 °C. Following incubation, cells were washed in PBS, and
resuspended in 1 ml of PBS with Na3(VO)4. Remaining steps were performed on ice. Recombinant
heregulin P 3 isoform (EGF-like domain) was added at a final concentration of 15Ong/ml. Following
a 10 min incubation, cells were lysed in "Hepes-Lysis buffer" and the cell debris was pelleted by
centrifugation (46).

The lysates were then immunoprecipitated with either anti-EGFR (Ab-1, Oncogene Science,
Uniondale, NY), anti-ErbB-2 (Ab-3, Oncogene Science, Uniondale, NY), anti-ErbB-3 (C17,
Santa Cruz Biotechnology, Santa Cruz, CA) or anti-ErbB-4 (C18, Santa Cruz Biotechnology,
Santa Cruz, CA) in combination with protein-A agarose (Pharmacia, Piscataway, NJ) overnight
at 40C with gentle agitation. Detail see elsewhere (43).

Fluorescence-activated cell sorter (FACStar) analysis: 1 X 106 cells were harvested and
then stained for one hour with an anti-ErbB-4 monoclonal antibody (Ab-1, NeoMarker), then a
secondary FITC-anti-mouse antibody was used and the ErbB-4 level in each cell was quantitatively
measured by flow-cytometry.

Anchorage-independent growth assay: A bottom layer of 0.1 ml IMEM containing 0.6%
agar and 10% FCS was prepared in 35mm tissue culture dishes. After the bottom layer solidified,
cells (10,000 per dish) were added in a 0.8 ml top layer 0.4% Bacto Agar, and 5% FCS. All
samples were prepared in triplicate. Cells were incubated for approximately 12 days at 37°C.
Colonies larger than 60um were counted in a cell colony counter (Ommias 3600, Imaging
Products Int., Inc. Charley, VA).

Mitogenic assay: 32D transfected cells were plated at a density of 1X10 4 cells with or
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without IL-3 supplement, or supplemented with 100ng/ml of HRG in the absence of IL-3. Two
days post plating, the cells were labeled with 3[[H] thymidine for two hours. 3[H]I thymidine
incorporation was then analyzed by P-scintillation counter.

In vitro Kinase Assay: 32D/E4, 32D/E4+V and 32D/E4+Rz29 cells were serum starved
for 2 hours prior to treatment with or without 100ng/ml of HRG. Cells were then lysed in lysis
buffer. 400ug of total protein from each cell line was used to immunoprecipitate with anti-ErbB-4
antibody (C18, Santa Cruz Biotechnology, Santa Cruz, CA) in combination with protein-A
sepharose (Pharmacia, Piscataway, NJ). Reactions were carried as described previously (42).
5014 of a solution containing 10mM Tris-HCL, pH 7.5, 10ram MgC12, 10mM MnC12, 10 ACi[y-
32P]ATP and 1/ig aprotinin was added to the washed beads for 25 min at room temperature.
Reactions were terminated by spinning down the sepharose beads in a micro centrifuge, discarding
the supernatant and resuspending the beads in 501A SDS gel loading buffer. Eluted proteins were
analyzed by SDS-PAGE and autoradiography.
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Legends:

Table 1. Effect of ErbB-4 ribozymes on the density of 32D/E4 cells under the conditions of IL-
3 starvation and HRG stimulation.

Figure 2A. Heregulin can induce IL-3-independent growth in 32D/E4 and 32D/E2+E3 cells.

Growth assay: 32D cells were plated at a density of 1X104 cells/ml in IL-3 free medium, medium
supplemented with IL-3, or in medium lacking IL-3 but supplemented with 100ng/ml of human
recombinant HRG. Viable cells were counted on day 3 after seeding.

Figure 3. ErbB-4 ribozyme abolishes HRG-induced mitogenesis. 32D transfected cells were
plated at a density of 1X10 4 cells with or without IL-3 supplement, or supplemented with
100ng/ml of HRG in the absence of IL-3. Two days after plating, the cells were labeled with 3[H]
thymidine for two hours. '[II] thymidine incorporation was then analyzed by scintillation counter.
The parental 32D cells are labeled as 'wt'. 32D/E4 transfected cells are denoted as E4. E4 +V
represents the empty vector transfected 32D/E4 cells. Ribozyme transfected cells are marked as
Rz6, Rz2, and Rz29. Rz29 abolished the HRG induced IL-3-independent mitogenesis. Rz6
reduced HRG induced mitogenesis significantly. Rz21 has no effect.

Figure 4: Rz29 down-regulation of ErbB-4 expression in 32D/ErbB-4 cells. The levels of
ErbB-4 in 32D/E4 and Rz29 transfected 32D/E4 cells were quantitatively measured by flow-
cytometry. 1X10 6 cells were harvested and stained with an anti-ErbB-4 monoclonal antibody in
combination with fluorescence-labeled anti-mouse IgG antibody and analyzed by FACScan. A)
Expression of ErbB-4 in vector transfected cells (E4/V). Right-hand curves, specific staining; left-
hand curves, nonspecific staining (primary antibody omitted); ordinates, relative cell number;
abscissas, log fluorescence. B) Rz29 down-regulates ErbB-4 expression by 65 %. The dotted-line
curve represents the ErbB-4 expression in ErbB-4/V cells. The solid line curve represents the
ErbB-4 expression in Rz29 transfected cells. C) Rz 21 has no effect on ErbB-4 expression. The
dotted-line curve represents the ErbB-4 expression in ErbB-4/V cells. The solid line curve
represents the ErbB-4 expression in Rz2l transfected cells. D) Rz6 down-regulates ErbB-4
expression by 45%. The dotted-line curve represents the ErbB-4 expression in ErbB-4/V cells.
The solid line curve represents the ErbB-4 expression in Rz6 transfected cells.

Figure 6. ErbB-4 ribozyme down-regulation of endogenous ErbB-4 expression in T47D
human breast cancer cells. The levels of ErbB-4 in T47D/wt and T47D/Rz pool clones were
quantitatively measured by flow-cytometry. 1X10 6 cells were harvested and stained with an anti-
ErbB-4 monoclonal antibody in combination with fluorescence-labeled anti-mouse IgG antibody and
analyzed by FACScan. Left-hand curve (thin line curve) represents nonspecific staining (primary
antibody omitted). Right-hand curve (bold line curve) represents the ErbB-4 expression in T47D
wild-type cells. The dotted-line curve (middle curve) represents the ErbB-4 expression in Rz6
transfected cells. The ordinates, relative cell number; abscissas, log fluorescence.
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Figure 7. Expression of ErbB-4 ribozyme in T47D cells (T47D/Rz6 pool clone) inhibits colony
formation by more than 50%. Anchorage-independent growth assay: A bottom layer of 0.1 ml
IMEM containing 0.6% agar and 10%FCS was prepared in 35mm tissue culture dishes. After the
bottom layer solidified, cells (10,000 per dish) were added on a 0.8 ml top layer containing 0.4%
Bacto Agar, and 5% FCS. All samples were prepared in triplicate. The cells were incubated for
approximately 12 days at 37°C. Colonies larger than 60um were counted in a cell colony counter.
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4 C

Table 1. Effect of ErbB-4 ribozymes on the density of 32D/E4 cells in response to IL-3
starvation and HRG stimulations

Cell Line Number of Viable Cells (x 1000 cells/ml)
-IL3 +IL3 +HRG/-IL3

E4 1.3 1996 1490
E4/Vector 1 1894 1369
E4/Rz6 1.1 1717 367
E4/Rz 21 1 1845 1300
E4/Rz 29 1.2 1823 56

E4/ErbB-2 ribozyme 1.2 1798 1279
E2+E3/Rz6 1.1 1869 1307
E2+E3/Rz21 1 1946 1377
E2+E3/Rz29 1.2 1854 1298

14



4 /

20000

U -IL3

+IL3
"0 HRG (10Ong/ ml)

0.1 0000

E

"I.

z

0
Wt E2 E3 E4 E2 +E3

Cell Lines

Figure 2A

15



*cmJ
......................................... ..... ......

.................................... .................-... .

.. ............................

.. .......................

[z .......

DCO
I I I

C CCo o CC C

MEN= 
>

o.........*,*.......... ..............................
.. . ... ..........PC ............. .

C C C C

(outu/slunoa) uo!ijuodiom~I ;auipliXl Mj~

16



Figure 4

400
A 32D: E4N B E4N: Rz29

300

200

100 * .
t..-• . ,S,-. 6

*• ,S : . " ,

*"" ", *S '; %-

z C E4N: Rz21 D E4N: Rz6

0C

300 -

200 -;

- :T
100 -, .

""e ,* t *i J , %

0-

0 101 102 1 03  0 101 102 103 104

Relative Fluorescence

17



0 -.

F L

CD

10 6 . 10 10

FL0

0i



00 0

D 500

0 4000"aJ

o 300

0
.0
E 200

Z,

100
l0

Wt Rz6 pool

Cell lines

Figure 7

19



References:

1. Paik S, Hazan R, Fisher ER, Sass RE, Fisher B, Redmond C, Schlessinger J, Lippman ME,
King CR. Pathologic findings from the national surgical adjuvant breast and bowel project:
prognostic significance of erbB-2 protein over expression in primary breast cancer. J. Clin.
Oncol. 8: 103-112, (1990).

2. Lacroix H, Iglehart JD, Skinner MA, Kraus MH. Over expression of erbB-2 or EGF receptor
proteins present in early stage mammary carcinoma is detected simultaneously in matched
primary tumors and regional metastasis. Oncogene 4: 145-151, (1989).

3. Lemoine NR, Barnes DM, Hollywood DP, Hughes CM, Smith P, Dublin E, Prigent
SA, Gullick WJ & Hurst HC. Expression of the ERBB3 gene product in breast cancer. Br.
J. Cancer 66: 1116-1121, (1992).

4. Wrann, MM., Fox, CF. Identification of epidermal growth factor receptors in a
hyperproducing epidermal carcinoma cell line. J. Biol. Chem. 254: 8083-8086, (1979).

5. Schechter AL, Stem DF, Vaidyanathan L, Decker SJ, Drebin JA, Greene MI, Weinberg RA.
The neu oncogene: an ErbB-related gene encoding a 185,000-Mr tumor antigen. Nature 312:
513-516, (1984).

6. Schechter AL, Hung MC, Vaidyanathan L Weinberg RA, Yang-Feng TL, Francke U, Ullrich
A, Coussens L. The neu gene: an ErbB-homologous gene distinct from and unlinked to the
gene encoding the EGF receptor Science 229: 976-987, (1985).

7. Coussens L, Yang-Feng TL, Liao YC Chen E, Gray A, McGrath J, Seeburg PH, Libermann
TA, Schlesinger J, Franeke U, Toyoshima K. Tyrosine kinase receptor with extensive
homology to EGF receptor shares chromosomal location with neu oncogene. Science 230:
1132-1139, (1985).

8. Yamamoto T, Ikawa S, Akiyama T, Semba K, Numura N, Miyajima N, Saito T. Similarity
of protein encoded by the human c-ErbB-2 gene to epidermal growth factor receptor. Nature
319: 230-234, (1986).

9. Bargmann CI, Hung MC, Weinberg RA. The neu oncogene encodes an epidermal growth
factor receptor-related protein. Nature 319: 226-230, (1986).

10. Stem DF, Heffeman PA, Weinberg RA. p185, a product of the neu proto-oncogene, is a
receptor like protein associated with tyrosine kinase activity. Mol. Cell Biol. 6:1729-1740,
(1986).

11. Kraus MH, Issing W, Miki T, Popeson NC, Aaronson SA. Isolation and characterization of

20



ERBB3, a third member of the ERBB/epidermal growth factor receptor family: evidence for
over expression in an subset of human mammary tumors. Proc. Natl. Acad. Sci. USA 86:
9193-9197, (1989).

12. Plowman GD, Whitney GS, Neubauer MG, Green JM, McDonald VL, Todaro GJ, Shoyab
M. Molecular cloning and expression of an additional epidermal growth factor receptor
related gene. Proc. Natl. Acad. Sci. USA 87: 4905-4909, (1990).

13. Plowman GD, Colouscou JM, Whitney GS, Green JM, Carton GW, Foy L, Newbaner MG,
Shoyab M. Ligand-specific activation of HER4/pl 80erbB4, a forth member of the epidermal
growth factor receptor family Proc. Natl. Acad. Sci. USA 90: 1746-1750, (1993).

14. Savage, CR, Jr, Inagami, T., Cohen, S. The primary structure of epidermal growth
factor. J. Biol. Chem. 247: 7612-7621, (1972).

15. DeLarco, J.E., and Torado, G.J. Growth factors from murine sarcoma virus-transformed
cells. Proc. Natl. Acad. Sci. USA 75: 4001-4005, (1978).

16. Shoyab, M., Plowman, GD, McDonald, VL, Bradley, JG, Todaro, GJ. Structure and
function of human amphiregulin: a member of the epidermal growth factor family. Science
243: 1074-1076, (1989).

17. Higashiyama S., Abraham J.A., Miller J., Fiddes J.C., and Klagsbrun M., A heparin-
binding growth factor secreted by macrophage-like cells that is related to EGF. Science,
251:936-939, (1991).

18. Besner G.S., Higashiyama, and Klagsbrun M., Isolation and characterization of
macrophage-derived heparin binding growth factor. Cell regul. 1: 811-819, (1990).

19. Shing, Y., Christofori, 6., Hanahan, D., Ono, Y., Sasada, R., Igarashi, K., and Folkman, J.
Betacellulin: a member of the epidermal growth factor family. Science 259, 1604-
1607, (1993).

20. Wen, D., E. Peles, R. Cupples, S. V. Suggs, S. S. Bacus, Y. Luo, G. Trail, S. Hu,
S. M. Silbiger, R. Benlevy, R. A. Koski, H. S. Lu, and Y. Yarden. Neu
differentiation factor: a transmemberane glycoprotein containing an EGF domain and an
immunoglobulin homology unit. Cell 69:559-572, (1992).

21. Huang SS and Huang JS. Purification and characterization of the neu/erbB2 ligand growth
factor from bovine kidney. J. Biol. Chem. 267: 11508-11512, (1992).

22. Peles E, Bacus SS, Koski RA, Lu HS, Wen D, Ogden SG, Levy RB, Yarden Y. Isolation of
the Neu/HER-2 stimulatory ligand: A 44 kd glycoprotein that induces differentiation of

21



mammary tumor cells. Cell 69: 205-216, (1992).

23. Holmes WE, Sliwkowski MX, Akita RW, Henzel WJ, Lee J, Park JW, Yansura D, Abadi N,
Reeb H, Lewis GD. Identification of Heregulin, a specific activator ofpl 8 5erbB*. Science 256:
1206-1210, (1992).

24. Falls, D.L., Rosen, K.M., Corfas, G., Lane, W.S., and Fischbach, G.D. AIRA, a
protein that stimulates acetylcholine receptor synthesis, is a member of the neu ligand
family. Cell 72: 801-815, (1993).

25. Marchionnii, M.A., Gooderal, A.D.J., Chen, M.S., Bermingham-McDonogh, 0., Kirk,
C., Hendricks, M., Denehy, F., Misumi, D., Sudhalter, J., Kobayashi, K., Wrobleski,
D., Lynch, C., Baldassare, M., Hiles, I., Davis, J.B., Hsuan, J.J., Totty, N.F., Otsu, M.,
McBurry, R.N., Waterfield, M.D., Stroobant, P., and Gwynne, D.Glial growth
factors are alternatively spliced erbB2 ligands expressed in the nervous system [see
comments] Nature 362. 312-318, (1993).

26. Lupu R, Colomer R, Zugmaier G, Sarup J, Shepard M, Slamon D, Lippman ME. Direct
interaction of a ligand for the erbB-2 oncogene product with the EGF receptor and
pl85erbB-2. Science 249: 1552-1555, (1990).

27. Plowman GD, Green JM, Culouscou JM, Carlton GW, Rothwell VM, Buckley S. Heregulin
induces tyrosine phosphorylation of HER4/pl80erbB-4. Nature 366: 473-475, (1993).

28. Peles E, Ben-Levy R, Tzahar E, Liu N, Wen D, Yarden Y. Cell type specific interaction of
neu differentiation factor (NDF/Heregulin) with Neu/Her-2, suggests complex ligand-
receptor relationships. EMBO J. 12: 961-971, (1993).

29. Carraway KL III, Sliwkowski MX, Akita RW, Platko JV, Guy PM, Nuijens A, Diamonti AJ,
Vandlen RL, Cantley LC, Cerione RA. The erbB-3 gene product is a receptor for Heregulin.
J. Biol. Chem. 269: 14303-14306, (1994).

30. Tzahar E, Levowitz G, Karunagaran D, Yi L, Leles E, Lavi S, Chang D, Liu N, Yayon A,
Wen D & Yarden Y. ErbB-3 and ErbB-4 function as the respective low and high affinity
receptors of all neu differentiation factor/heregulin isoforms. J. Biol. Chem. 269: 40, 252226-
25223, (1994).

31. Sliwkowski MX, Schaefer G, Akita RW, Lofgren JA, Fitzpatrick VD, Nuijens A, Fendly
BM, Cerione RA, Vandlen RL, Carraway KL III. Coexpression of erbB-2 and erbB-3
proteins reconstitute a high affinity receptor for heregulin. J. Biol. Chem. 269: 14661-
14665, (1994).

32. Carraway KL III and Cantley LC. A neu acquittance for erbB-3 and erbB-4: A role

22



for receptor heterodimerization in growth signaling. Cell 78: 5-8, (1994).

33. Leonessa F, Boulay V, Wright A, Thompson EW, Brunner N and Clark R. The biology of
breast cancer progression. Acta Oncol., 31:115-123, (1992).

34. Adnane J, Gaudray P, Simon MP, Simony-Lafontaine J, Jeanteur P. & Theillet C. Proto-
oncogene amplification and human breast tumor phenotype. Oncogene 4, 1389-1395,
(1989).

35. RieseII, D. J., Bermingham, Y., Raaij, T. M. V., Buckley, S., Ploman, G. D., and Stem,
D.F. Betacellulin activates the epidermal growth factor receptor and erbB-4 and induces
cellular response patterns distinct from those stimulated by epidermal growth factor or
neuregulin-P. Oncogene 12, 345-353, (1996).

36. Tang C.K., Perez C., Grunt T., Cho C., Waibel C. & Lupu R., "Involvement of Heregulin-
P32 in the Acquisition of the Hormone-Independent Phenotype of Breast Cancer Cells".
Cancer Research 56: 3350-3358, (1996).

37. Simons, R.H. Small catalytic RNAs. Annu Rev. Biochem. 61: 641-671 (1992).

38. Pierce JH. Advances in regulation of cell growth 2: 275-297.

39. Alimandi M. Frankel M., Bottaro D., Tang C., Lippman M., Lee C.C., Kraus M., Di Fiore
P.P., Pierce J.H., Wang L.M. EMBO, submitted (1997).

23



FF Principal Investigator/Program Director (Last, first, middle): Tang, Careen K.

BIOGRAPHICAL SKETCH
Provide the following information for the key personnel in the order listed on Form Page 2.

Photocopy this page or follow this format for each person.

NAME POSITION TITLE

Tang, Careen K. Research Assistant Professor

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training).
INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY

______________________________________________ (if applicable) YA~)FEDO TD

University of Maryland, College Park, MD B.S. 1983 Chemistry

The Johns Hopkins University, Baltimore, MD Ph.D. 1989 Molecular Biology/
Chemistry

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment,
experience, and honors. Include present membership on any Federal Government public advisory committee. List, in chronological order, the
titles, all authors, and complete references to all publications during the past three years and to representative earlier publications pertinent to
this application. If the list of publications in the last three years exceeds two pages, select the most pertinent publications. DO NOT EXCEED
TWO PAGES.

RESEARCH EXPERIENCE:

8/95 - data Research Assistant professor Department of Biochemistry. (Dr. Marc Lippman)
Georgetown University/Lombardi Cancer Center. Washington, D.C.

11/92 - 8/95 Research Associate
Georgetown University/Lombardi Cancer Center. Washington, D.C.

6/89 -10/92 IRTA Fellow, (Dr. Richard Klausner)
NIH/NICHD/CBMB. Bethesda, MD.

8/84- 5/89 Research Assistant/Graduate Student ( Dr. David E. Draper)
The Johns Hopkins University/Chemistry Department
Baltimore, MD.

HONORS:

1996 Gold Standard Proposal for 1995 DoD Breast Cancer Research Program

1995 Outstanding Poster for 1995 AACR annual meeting

1994 Travel Award by Bristol-Myers Oncology Division for 1994 AACR presenter of outstanding abstract.

1993 First Place for postdoctoral division of the eighth annual research days competition,
Georgetown University Medical Center.

1989-1992 IRTA Fellowship, NIH/NICHD/CBMB

1988 Sarah and Adolph Roseman Achievement Award for excellence in teaching and research,
The Johns Hopkins University.

1983 Academic Honors List, University of Maryland, College Park, MD.

PHS 398 (Rev. 5/95) (Form Page 6) Page [Page #] FF
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b.



FF Principal Investigator/Program Director (Last, first, middle): Tang, Careen K.

Publications:

1) Tang C.K., Goldstein D.J., Payne J., Czubayko F., Alimandi M., Wang L-M., Pierce J.H., & Lippman M.E.,"
ErbB-4 ribozymes abolish heregulin induced mitogensis". (1997) J.B.C. Submitted.

2) Alimandi M., Wang L-M., Bottaro D., Lee C-C., Kuo A., Frankel M., Fedi P., Tang C.K., Lippman M.E., Di
Fiore P.P., Kraus M.H., Pierce J.H.," Epidermal Growth Factor and Betacellulin Mediate Signal Transduction
Through Coexpressed ErbB-2 and ErbB-3 Receptors". (1997) EMBO, submitted.

3) Tang C.K. and Lippman M.E., "EGF family receptors and their ligands in human cancer". (1997) Hormones and
Signalling, in press.

4) Tang C.K., Perez C., Grunt T., Cho C., Waibel C. & Lupu R., "Involvement of Heregulin-P2 in the Acquisition
of the Hormone-Independent Phenotype of Breast Cancer Cells". (1996) Cancer Research, in press.

5) Lupu R., Cardillo M., Hijazi M., Harris L., Cho C., Pereze C., Rosenberg K., Yang DJ, & Tang C.K.," The
Significance of Heregulin in Breast Cancer Progression and Drug Resistance". (1996) Breast Cancer Research and
Treatment 38: 57-66.

6) Tang C.K., Chin J., Harford J., Klausner R., & Rouault T., (1992) "Iron Regulates The Activity of The Iron-
Responsive Element Binding Protein Without Changing Its Rate of Synthesis or Degradation". (1992) J. Biol.
Chem. Vol. 267 (34) 24466-24470.

7) Haile D., Rouault T., Tang C. K., Harford J., & Klausner R., (1992) "The Role of The Iron-sulfur Cluster In The
Regulation of Iron Responsive Element Binding Protein" Proc. Natl. Acad Sci. USA. vol. 89, 7536-7540.

8) Rouault T., Haile D., Downey W., Philpott C., Tang C. K., Chin J., Paul I., OrloffD., Harford J., & Klausner R.,
(1992) "An Iron Sulfur Cluster Plays a Novel Regulatory Role In The Iron-Responsive Element Binding Protein"
Biometal vol. 5, 131-140.

9) Kaptain S., Downey W., Tang C. K., Philpott C., Haile D., Harford J., Rouault T., & Klausner R., (1991) "A
Regulated RNA Binding Protein Also Possesses Aconitase Activity" Proc. Natl. Acad. Sci. USA. vol. 88, 10109-
10113.

10) Rouault T., Tang C. K., Kaptain S., Burgess W., Haile D., Samaniego F., McBride W., Harford J.,& Klausner
R., (1990) "Cloning of The cDNA Encoding An RNA Regulatory Protein --- The Human Iron-Responsive Element-
Binding Protein" Proc. Natl. Acad. Sci. USA. vol. 87, 7958-7962.

11) Tang C. K., & Draper D., (1990) "Evidence For Allosteric Coupling Between The Ribosome and Repressor
Binding Sites of A Translationally Regulated mRNA" Biochemistry Vol. 29,4434-4439.

12) Tang C. K., & Draper D., (1989) "Unusual mRNA Pseudoknot Structure Is Recognized By A Protein
Translational Repressor" Cell vol. 57, 531-536.

13) Draper D., Tang C. K., & Vartikar J., (1988) "Ribosomal Protein S4 Recognizes Complex Messenger and
Ribosomal RNA Structures." Molecular Biology ofRNA vol. 94 (ed. T. Cech) Alan R. Liss, Inc., New Your, N.Y.

PHS 398 (Rev. 5/95) (Form Page 6) Page [Page #] FF
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b.



FF Principal Investigator/Program Director (Last, first, middle): Tang, Careen K.

14)Morita Y., Psiaganian R., Tang C.K. and Chiang P.K. (1992) "Inhibition of Histamine Release and
Phosphotidylcholine Metabolism By 5'-deoxy-5'-isobutylthio-3-deazaadenosine." Biochemistry Pharmacologh. 31,
2111-2113.

Abstracts:

1) Tang C.K. , Goldstein D. J. , Payne J. ,Czubayko F. , Alimandi M. ,Wang L-M. , Pierce J. H. & Lippman M.
E., "ErbB-4 ribozymes abolish heregulin induced mitogensis". (1997) In proceedings of American Association for
Cancer Research, Vol. 38.

2) Kurebayashi J., Tang C.K., Kurosumi M., Sonoo H., "Establishment of a new human brest cancer cell line, KPL-
4". (1997) In proceedings ofAmerican Association for Cancer Research, Vol. 38.

3) Lippman M.E., Tang C.K., Goldstein D., & Yang D., "The Role of The EGF Receptor Superfamily and Their
Ligands In Human Breast Cancer". Origins of Breast and Prostate Cancer, June 1996.

4) Tang C.K., Cardillo, M., Yang, DJ., Grunt T., Perez C., & Lupu R., '' Heregulin- P2 Isoform Can Induce
Estrogen-Independent Tumorigenicity of Human Breast Cancer Cells". # 1007, In proceedings ofAmerican
Association for Cancer Research, March 1995.

5) Cardillo M., Tang C. K., & Lupu R., "Heregulin Induces a Metastatic Phenotype Type Breast Cancer
Cells in vivo." # 1563, In proceedings ofAmerican Association for Cancer Research, March 1995.

6) Harris L. N., Tang C. K., Boulanger C, Yang D, & Lupu R., "Induction of Chemotherapy Sensitivity
in MCF-7 Breast Cancer Cells By Heregulin ". #2539, Inproceedings ofAmerican Association for Cancer
Research, March 1995.

7) Mueller S.C., Tang C. K., LauraSepp-Lorenzino Rosen N., Parsons T., & Lupu R., (1994) "Membrane
Expression of Cortactin In Breast Cancer Cells Is Regulated By Heregulin: Association With Invasiveness
In Ligand Stimulate-erbB Overexpressing Cells" Gordon conference on peptide growth factor.

8) Harris L. N., Tang C. K., Perez C, & Lupu R., "Induction of Sensitivity to Doxorubicin and Etoposide
by Transfection of MCF-7 Breast Cancer Cells with Heregulin, an Activator of The erbB-2/erbB-4
Signaling Pathway ". Fifth meeting on the Molecular Basis of Cancer, June 1994.

9) Tang C.K., Perez C., Grunt T., & Lupu R., "Biological Characterization of A Growth Factor
gp30/Heregulin: Involvement of Human Breast Cancer from Hormone-Dependent to Hormone-Independent
Phenotype". In proceedings ofAmerican Association for Cancer Research, Vol 35, 36.

10) Draper D. & Tang C. K., (1988) "A Pseudoknot Structure In The a mRNA is Required For Translational
Repression By S4." 1988 Cold Spring Harbor Ribosome Synthesis PP. 193.

11) Draper D. & Tang C. K., (1988) "An mRNA Pseudoknot Structure Is Recognized By A Protein Translational
Repressor" Journal of Cellular Biochemistry Supplement.

PHS 398 (Rev. 5/95) (Form Page 6) Page [Page #] FF
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b.



. |q%0 %

FF Principal Investigator/Program Director (Last, first, middle): Tang, Careen K.

12) Vartical J., Tang C. K., & Draper D.(1987) "Homology Between the Ribosomal Protein S4 Binding Site on a

mRNA and 16S rRNA." Federation Proceedings. 46, 6: 2221.

13) Deckman I., Tang C. K., & Draper D.(1986) "Structure of an mRNA-Protein Complex Regulating Translational

Initiation" Federation Proceedings 45, 6:1580.

PHS 398 (Rev. 5/95) (Form Page 6) Page [Page #1 FF

Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b.


